Aim: This prospective, randomized, controlled, rater-blinded study investigated the effect of G protein-activated inwardly rectifying potassium (GIRK) channel inhibitor ifenprodil on alcohol use in patients with alcohol dependence.
| INTRODUCTION
Alcohol dependence is a psychiatric disease, in which the administration of high doses of alcohol or frequent alcohol use causes a clinically significant disorder or distress, together with problems associated with tolerance and withdrawal. The incidence of chronic alcohol abusers is estimated to be 15-20 million in the United States, and more than 100 000 deaths are ascribed to alcohol dependence annually. 1 The United States National Epidemiologic Survey (N = 42 392) showed that the 12-month prevalence of alcohol dependence was 3.80%, and the lifetime prevalence of alcohol dependence was 12.48%. 2 In Japan, approximately 570 000 adults in the general population of 120 million were classified with alcohol dependence in 2012, making this group one of the largest among the various mental disorders. 3 The rewarding effects of addictive substances are mediated by various molecules, and much attention has been given to the effects of G protein-activated inwardly rectifying potassium (GIRK) channels. 4 GIRK channels play an important role in signaling that is influ- 
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The opening of GIRK channels hyperpolarizes the cell membrane to modulate neuronal excitability. Ethanol has been found to directly open GIRK channels. [8] [9] [10] Nucleotide sequence differences in GIRK channel subunit genes have been reportedly related to alcohol dependence and other substance use disorders. Ethanol-induced antinociception is reduced in weaver mutant mice that possess an amino acid sequence mutation of the GIRK2 subunit. 5, 8 Hill et al 11 reported that GIRK2 knockout mice exhibited a reduction in saccharin aversion at a nonhypnotic dose of ethanol in a conditioned taste aversion paradigm and weaker ethanol-induced conditioned place preference. GIRK3 knockout mice exhibited a reduction in ethanol withdrawal. 12 We previously showed that a nucleotide sequence difference in the GIRK2 gene was associated with opioid sensitivity in humans. 13 We previously investigated the effects of various drugs that are frequently prescribed by psychiatrists in Xenopus oocytes and mice and found that the selective serotonin reuptake inhibitors (SSRIs) fluoxetine and paroxetine but not another SSRI, fluvoxamine, inhibited GIRK channels and reduced methamphetamine preference. [14] [15] [16] [17] [18] Ifenprodil, which is generally prescribed to improve dizziness after brain infarction or hemorrhage in Japan, is a neuroprotectant that reportedly reduces the preference for addictive substances in mice 19 and has also been found to inhibit GIRK channels in Xenopus oocytes. 20 Ifenprodil has a stronger inhibitory effect on GIRK channels than SSRIs, although it also inhibits GluN2B subunit-containing N-methyl-D-aspartate (NMDA) receptors, and has fewer side effects (occasionally dry mouth, nausea, headache, or palpitation) than SSRIs.
We previously reported the effect of GIRK channel inhibition on alcohol dependence in humans. GIRK channel inhibition contributed to alcohol abstinence in outpatients with alcohol dependence. 21 However, these studies had some limitations. First, the GIRK channel inhibitors (ie, paroxetine, ifenprodil, and haloperidol) that the participants took in our previous studies varied widely. Second, these previous studies were retrospective. Ifenprodil has a stronger effect on GIRK channels compared with SSRIs, and it has fewer side effects, thus justifying investigations of its effect on alcohol dependence. In Japan, ifenprodil has been approved for the treatment of dizziness after brain infarction or hemorrhage but not for the treatment of alcohol dependence. We conducted a prospective randomized controlled study to investigate the effect of the GIRK channel inhibitor ifenprodil on alcohol use in patients with alcohol dependence.
2 | METHODS
| Study design
We conducted this randomized, controlled, rater-blinded study in the Department of Psychiatry at Tokyo Metropolitan Matsuzawa Hospital.
| Ethics statement
The Institutional Review Board of Tokyo Metropolitan Institute of Medical Science and Tokyo Metropolitan Matsuzawa Hospital approved the study, and all of the participants provided written informed consent. This clinical trial was registered in the UMIN clinical trial registry (UMIN000006347).
| Participants
Considering the possibility that some of the participants would be excluded (eg, because of sudden dropout after the research began; Figure 1 ), we recruited 68 outpatients with alcohol dependence who were treated in the Department of Psychiatry at a hospital in Tokyo, Japan. Alcohol dependence was diagnosed according to the criteria of the Diagnostic and Statistical Manual of Mental Disorders, 4th edition. 23 The participants in this study were detoxified patients who were able to complete the questionnaire. Importantly, ifenprodil is generally prescribed to improve dizziness (ie, an aftereffect of brain infarction or brain hemorrhage) and is not currently approved by the 
| Randomization and masking
Participants were enrolled by physicians and assigned to two groups, balanced by sex and primary doctor between groups, using stratified permuted block randomization based on computer-generated random numbers. Person who conducted random assignment informed only physicians to which group participant was assigned. The paper with assigned group and questions regarding other prescribed drugs in sealed envelope was provided to physicians at the beginning of each trial. Raters (clinical psychologists) were unaware of the group assignment.
2.5 | Outcomes
| Alcohol use disorder identification test
The alcohol use disorder identification test (AUDIT) 24, 25 is an instrument that is designed to screen for excessive drinking. The AUDIT consists of three domains and 10 questions. The three domains are "Hazardous alcohol use" (three questions: frequency of drinking, typical quantity, and frequency of heavy drinking), "Dependence symptoms" (three questions: impaired control over drinking, increased salience of drinking, and morning drinking), and "Harmful alcohol use" (four questions: guilt after drinking, blackouts, alcohol-related injuries, and others concerned about drinking). The internal reliability (a coefficient) was 0.81.
| Instrumental activities of daily living
The instrumental activities of daily living (IADL) 26 was used to confirm the presence of mild cognitive deficiency by assessing the performance of everyday tasks (eg, using public transportation, managing finances, using the phone, and managing medications). If one of these functions was affected, then it was marked as 1. Disability begins with a score of 2 of 4. The presence of cognitive deficiency was defined by a IADL score of <3 in this study.
| Montreal Cognitive Assessment
The MoCA score of <26 in this study.
| Motivation to abstain
The motivation to abstain from alcohol use was assessed as a factor that can possibly influence the effect of the medication on alcohol use. The motivation to abstain during the prior 2 weeks was rated by one statement, "I want to stop drinking" (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree).
| Alcohol use: frequency and amount of alcohol use
The "alcohol use score" was the weighted mean of the frequency of alcohol drinking and presence of heavy drinking, which was the primary endpoint of this study. The frequency of alcohol drinking was rated by one item, "How often did you use alcohol for the past month?" It was answered by selecting one of six choices (0 = none, 1 = once per month, 2 = two to four times per month, 3 = two or three times per week, 4 = four to six times per week, and 5 = every day) for the sake of simplicity. The presence of heavy drinking was rated by one item, "Have you drunk heavily for the past month? (eg, beer, over 1500 mL; Japanese sake, over 540 mL; whiskey, over 180 mL; wine, over 3 glasses per day)," to which the participant answered "Yes" or "No" (1 = Yes, 0 = No). These questions were modified from the AUDIT 24, 25 . We confirmed the presence of heavy drinking every month, and the participants who answered "Yes" at least once were deemed to have the presence of heavy drinking during the period. Spearman's rank correlation coefficient showed a significant correlation between the frequency of alcohol drinking and presence of heavy drinking (q = 0.51), and thus, an integrated index of these two scores was calculated to avoid problems associated with multiple testing. A weighted mean of the frequency of alcohol drinking and presence of heavy drinking, termed the alcohol use score, was calculated using the following formula:
The internal consistency (Cronbach's alpha) of the weighted mean of the frequency of alcohol drinking and presence of heavy drinking was 0.62. This score was the primary endpoint of this study.
| Stress experience
Stress experience was assessed as a factor that can possibly cause an individual to drink. Stress experience was rated by one question, "How much did you experience stress during the last 2 weeks? (eg, feeling terrible, sad, down, anxious, or irritable)." It was answered by selecting one of four choices (1 = none, 2 = occasionally, 3 = often, and 4 = almost always).
| Procedure
In the ifenprodil group (N = 36), the patients received ifenprodil (Cerocral, 60 mg/d) for 3 months. In the control group (N = 32), the patients received a control drug (ascorbic acid and calcium pantothenate; Cinal, 600 mg/d) for 3 months. The maximum dosage of prescribed ifenprodil is 60 mg/d in Japan. With regard to the duration of treatment, we decided that a 3-month duration is suitable for evaluating the effects of the medication on abstinence, based on discussions among the authors and physicians who specialize in alcohol dependence.
The participants in both groups received the same explanation before randomized allocation that they would be administered either Cerocral or Cinal, and the drugs that were administered could potentially improve alcohol dependence symptoms. The participants in this study were administered the AUDIT 24, 25 , IADL 26 , and MoCA 27, 28 and responded to the item about the motivation to abstain before the study began (time 1). The participants completed questionnaires that included the frequency of alcohol drinking, presence of heavy drinking, and stress experience at time 1 and then 3 months after the start of the study period (time 2). The participants completed the questionnaires in the presence of clinical psychologists who were unaware of the group assignment.
| Sample size
Before participant recruitment, power analysis was performed using G*power 3.0.4 to determine the appropriate sample size for this study. 29 The settings for the analysis of covariance (ANCOVA) were the following: effect size (f) 30 = 0.4, a = 0.05, 1Àb = 0.8, number of groups = 2. This analysis showed that the required number of participants in this study was 52.
| Statistical analysis
Data analysis was performed using SPSS 3 | RESULTS
| Participant attributes
Patient attributes are presented in Table 1 
| Comparison of alcohol use score (primary endpoint)
The ANCOVA of alcohol use score was conducted as the primary analysis to investigate the effect of ifenprodil. The alcohol use score at time 2 in the ifenprodil group was significantly lower than in the control group after adjusting for the scores at time 1 (t 43 = 2.5, The ITT analysis of multiply imputed datasets (N = 66) showed that the alcohol use score at time 2 in the ifenprodil group was significantly lower than in the control group (t 60 = 2.5, P = .016, 95% CI = 0.02~0.27) after adjusting alcohol use score (t 60 = 2.8, P = .011), age (t 60 = 0.6, P = .554), AUDIT score (t 60 = 0.03, P = .979), IADL score (t 60 = 1.6, P = .120), MoCA score (t 60 = 0.7, P = .466), motivation to abstain (t 60 = 1.0, P = .319), and stress experience (t 60 = 0.1, P = .889) at time 1.
| Comparison of frequency of alcohol drinking and the presence of heavy drinking
The ANCOVA of frequency of alcohol drinking and v 2 test of the presence of heavy drinking were conducted as the secondary analysis to support the primary analysis of alcohol use score.
After adjusting for alcohol use score, age, AUDIT score, IADL score, MoCA score, motivation to abstain, and stress experience at time 1, no significant group differences in the frequency of alcohol drinking at time 2 were found (P = .088). The ITT analysis of multiply imputed datasets (N = 66) showed that the frequency of alcohol drinking at time 2 in the ifenprodil group was significantly lower than in the control group (t 60 = 2.0, P = .048, 95% CI = 0.03-7.46) after adjusting the frequency of alcohol drinking (t 60 = 2.2, P = .038), age (t 60 = 0.5, P = .650),
AUDIT score (t 60 = 0.3, P = .796), IADL score (t 60 = 2.3, P = .030),
MoCA score (t 60 = 0.4, P = .656), motivation to abstain (t 60 = 2.0, P = .050), and stress experience (t 60 = 0.4, P = .671) at time 1.
For the presence of heavy drinking at time 2, the ifenprodil group had a significantly lower rate of heavy drinking than the control group (v 2 1 = 5.5, P = .022). In the ITT analysis of multiply imputed datasets (N = 66), the ifenprodil group had a significantly lower rate of heavy drinking than the control group (v 2 1 = 4.7, P = .031).
| DISCUSSION
The alcohol use score in the ifenprodil group 3 months after the start of the study period was significantly lower than that in the SUGAYA ET AL.
| 13 control group after adjusting for scores before the start of the study period and other confounders, both in 46 participants who completed the study and in multiple imputation with 66 participants.
With regard to the frequency of alcohol drinking and presence of heavy drinking, which together comprised the alcohol use score, the frequency of alcohol drinking in the ifenprodil group 3 months after the study began was significantly lower than that in the control group after adjusting for scores before the study began and other confounding factors in multiply imputed datasets but not in 46 participants. The ifenprodil group had a significantly lower rate of the presence of heavy drinking 3 months after the study began compared with the control group. The smaller group difference when only the frequency of alcohol drinking was used as the dependent variable may be attributable to analyzing the data without considering the presence of heavy drinking.
The present study suggests that ifenprodil decreases alcohol use.
The present results supported previous results 21 that GIRK channel inhibition may decrease alcohol dependence. Most of the GIRK channel inhibitors in the previous study were SSRIs. Ifenprodil has a stronger inhibitory effect on GIRK channels than SSRIs, although it also inhibits GluN2B subunit-containing NMDA receptors. The number of participants who were prescribed medications that inhibit GIRK channels, with the exception of ifenprodil, during the study The present study has three distinct strengths. First, to our knowledge, this was the first randomized, controlled, rater-blinded study that investigated the effect of GIRK channel inhibition on alcohol dependence. This randomized controlled study had two groups that were mostly homogeneous, with no significant differences in age, sex ratio, severity of alcohol dependence, or cognitive function at baseline. Second, whereas previous study 21 used various anxiolytics, antidepressants, and antipsychotics as GIRK channel inhibitors, the present study investigated the effects of only ifenprodil. Therefore, the present study may provide more reliable evidence than previous studies. Third, ifenprodil is a relatively safe drug that has fewer side effects than SSRIs and has many generic drugs. In the present study, no participants reported side effects of ifenprodil.
The present study also has some limitations. First, the participants knew the name of the medication they took because they were treated according to the health insurance system in Japan. Thus, our participants may have realized whether they were taking the active or control medication. Future double-blind trials in collaboration with pharmaceutical companies would be ideal. Second, the assessment of heavy drinking in the present study did not consider sex differences because the criteria for heavy drinking, defined by the Ministry of Health, Labour, and Welfare of Japan as the mean volume of pure alcohol consumed that exceeds 60 g/d, are the same for both males and females. Third, we could not control prescribed medications other than Cerocral and Cinal. Fourth, we may not have recruited a sufficient number of subjects. The number of subjects who were recruited in the present study exceeded the suggested number of 52 based on the power analysis, but many participants dropped out of the present clinical trial. We conducted the ITT analysis of multiply imputed datasets in 66 participants to address this limitation. Fifth, we used single, simple questions to assess the frequency of drinking and heavy drinking because answering complicated questions or several questions may be more difficult for patients with alcohol dependence and mild cognitive deficiency. Therefore, the use of these questions may not have sufficient to assess the efficacy of ifenprodil.
| CONCLUSION
This randomized, rater-blinded study suggests that ifenprodil has an inhibitory effect on alcohol use in patients with alcohol dependence.
The results support the hypothesis that GIRK channel inhibitors ameliorate alcohol dependence. Further clinical studies that utilize a double-blind, placebo-controlled, crossover design are worth conducting in the future.
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